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Module No: ' Module Titjé: - ' -
Advanced .Chemical Precipitdtion Softening °
_ LL4AGHS SubmoduTe Title:, o
Approx. Time: ' C -
» . N
. Topic: . .
12 hours | Summagy \ - a

12,

Obﬁhctiye;: Upon comp
1. Describe the the
Determine the op
3. Describé sludge

Y]

>

-
~

letion \of this module, the parﬁicipan% will be
emical precipitation softening.
timal operation of a chemical precipitation softener.

ory of ¢

disposal- alternatives.

[ab]é to:

Instructi na]kAids:
b

1. Handout

2

.—ﬂ

2. Trdnpsparencies #1-#3 -

Instructional Approach:

r'd
Discussion and Class

o

-

Prob]em§

References: - -

o

.

2.

-

1.. Manual of Water*Utility Operations, Tex%s Water Utility Assoc.
Water Supply & Treatment, National Lime Association. \

3. Mathematical Approach to‘lanic Equilibrium, Butler,

s

’

-

Class Assignments:

1. The-partjc&panf will read Handodt.
~2. The participant will complete Problems’ #1.

\

.
-

4
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dodule No: Topic: . ;
14 . /
TT4AGNS " | Summary - “
¢ . .
Instructor-Notes: T Instructor Outline:- = :
- @ ) . ¢ - - v ° ) -
0y ., ry ]

1. Distribute Handout .

PR

2. Present Transparencies

Discuss the theory, optimal operation and
+ sludge”disposal alternatives” for chem1ca1
precipitdtion softening.. . ™

Give evaluation of 30 questions.
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. Module No: p Modu]elT1tJe1 - A *
\\“ > .. . 'j":ﬁ- . . - ¢ . . ‘ AN
ne ] +J Advanced Chemigal Precipitation Softening
o cor - {Submodtife’ Title) | . ) '
), - 114AGHS .~ - omodey /) :
S8 . Approx. Time: - ' ' o :
P Topic: * * )
. : Cf e .p ) / : ] .
/ . 1. hour., Intxoduction: y = .
T 0?59Ct1V95= Uponi completion of this toﬁic, th

9

1.

participant will

2.

Describe chemical precipitation softener opération.-
Describe chemical\precipitation softener maintenance."

7

-

3.. Describe chemical precipitation softener analytical control.

bg able to}

’ N - \’{ ' '. A}
. L4 R N
* J"e < \ ]
. - ~ . - ) .
‘ *| Instructional Rids: . L S \\ a
Lo 1. Handout-Introduction -’ \' ) I
) 2. - Transparency #1 - Two Stage Softening - T \
3. Trangparenc™#2 - Split Treatment Softening . ~ =+ ,
+ | 4. Transparency #3 - Single Stage Softening } ' o
5. Transparency #4 - Laboratory Control . <.
. Instructional Approach: Co . . . ' s T
: | ppro S w
Discussion . b0 S '
IS ’ - 2 j N )
. T AT
. References: - | R - . v

1. Manual of Water U%i]ﬁty'Operations, Texas wateF‘Uf115ty Association.
, 2. Water Supply & Treatmgnt, National Lime Association.

L 4
.

v 8.

)

. e . ( - - P — - -
_t -~ L QD » '
Class Assignments: - ) - .
T L] .7}7 ) )
T.. The participant will read Handout-Iptroduction- ) \\\
| L . v o >
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. '?Odu]E\N& . Topic: o . - =
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. ( . * s e Y
» ILIZAGHS . . | Introduction ’ - ' L. .
Instructor Notes: . JInstructor Outlipe: - C X .
L ™~ . - . ’ _ p .., .
& - L » . 4 -3 . "
i. ?résem}}rans’parenc‘y #17 1. Review the operation of a two stage '
. a v . ¢ K] . . e . . -
- y - o . softening 'p]ant'.\ o —~ .
N Y A . o o Fad
2.  Present Transparency #2 2. Review the operation of a split treatment
~S- : i . . ¢
I . " softening pl‘ant. ' oo - .
3.7 Present Transparency #3 3. Review the operation of a single stage
. S~ softéning’plant.
4. _Present Transparency #4 4. Review the laboratery control necessary .,
. ) sfor the operation of a chemical precipi-
| ' ' tétion softening plant. .,
- \ .- ) 4 '
»- ) ) ° .~ ] L : .
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1Hfodule Nor ~ Modu%’ﬁtle N
. Advagqed ‘Chemical Prec1p1tat1on Soften1ng 4;
114GWS l . WOdule Title: / - °
- - CoL e s
Approx, Time: , o N
3 Topic: o ‘
3 hours, * . \\ Theony of Chem1ca] Prec1p1tat1on Soften1ng ‘

-Objectives: Upon complet1on 0 th1§¥top1c, the part1c1pant w111 be ab]e to

1. Descr1be the theory of che ical pYec1p1tat1onrsoften1ng
2. Apply the theory-of chem1ca1 prec1p1tat1on softening.
3.7 Describe the theory of rec bonation.. ol
4. Apply the theory of qgcarbonq€1on to process operat1on
> -~ .(
v . ¢ .
e« 7 h
o Instructional A1ds .
Qq. Handout -Theory of Chemical Prec1p1tat1on Softgning.
. 2. Transparency #5-Equilibrium Equation
’ Transpagency #6-Solubility Product .
Transp ency #7-Carbon D1ox1de System
c,r
Instructi?nal Approach: -
o ! [
Discussio% and class problem ~ -
. ) ¢
* N )
References: : A ]
1. Manual of Water Utility Operatiofs, Téxas Water Ut111ty Assoc1at1on‘
2: Mater Supply & Treatment, National Lime Association. °
3. brium, Butler.

Mathematical Approach_tq Iontc Equi

-

1.
2.

QTass Assignﬁents /

_{

"The part1c1pant will read Handout-Th
Softening.
The part1c1pant will comp]ete Proble

-

9

C e
7 .
eory of Chemical Precipitatien

m #1 on chemical precipitation.
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[odule No: { Topic:

T14GYS .

Theory of Chem1ca1 PPEC1D]tctﬂ0n So tening '

Instructor Notes:

|

~

Instructor Qutline: (

1 4 = .
s x 7

" 2. Present Transparency #6

. 3. Present Transparency #7

g

» 13
~

4._ Present Class Problem
#1. Work with class
part1c1pat1on

L ‘
1. Present Transparency: #5 -

401, HOps

_ [Mgﬁ = 10/100,000 = 1 x 1074 - o -
. -1 %

- [OH} 1.2 x 10 4] 3.5 x 1070 -

- REE R .

pou = 3 46 C , .7

= 14 - 3.46 = 10.54

3. [@0‘]'= 355%55—-='6.6? x 107 moles/liter{

1. Discuss the equilibrium equation and its '
"‘ general app11cat1ons to water treatment. -
problems. )
2. Discuss the appljication of, the equilibrium
equation to thefprecipitation of ions in
water. Discusstin detail -how -the equilibrium
of a precipitation reaction can .be shifted
increase or decrease the components of the
reactian. .
, )
3. Discuss the app]qcat1on of the equ1]1br1um
equation to the "‘carbon digxide Sythsp Dis-
cuss in detail the various.components of ‘
the system and how pH_ affects the chemical
composition of the water. :

o

. o

!

9 \
os Eé] ———JﬁJQ—— 1.3 x TO -4 mo]es/]t

"6.67 x .
[Ca]= 52 mg/1 as Ca o ;

T or

[Ca]= 13 mg/1.as 'Ca(‘:03~ /

a4

i0
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fodule No: '_ Topic: . S N
e T . i
1146HS Theory of Chemital Precipitation Softening T
Instructor Notes: “|Instructor Qutline: . oL .
. . 1 A .20 ° 173 e
. s [Hcoﬂ “27-000 -4-8'8x10‘.
) ’ L Lozj 4 88 X ]0 )(]6) 3.9.29. ]‘D 4
- ,,Eoz_,.: 9.29'x 10- 4)(44,000') - 40 mg/'l\\
St > ,
] . /\‘\ ’ .
1 " l
’ " a
: .
M ~ ,
) ‘ ) ary
3 . / /
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ﬁodu]e No: *« Hedule Title'~ s e ] -

’

Advanced Chem1qa] Prec1p1tat1on Softenxng

1. Interpret laboratory data to check compliance with design standards.
2. ' Interpret” laboratory data to evaluate existing softeners.
3. Interpret laboratory data to determ1ne .optimal operation.

. .
N N

Upnn completion d¥ this’ topic, the part1c1pant w111 be ab]e to:

| 11aais o Subnodu?e Titie f . e
Approx. Time: ' . . j
PSP Top1c T N L ; ]
. ., R A . A
4 hours ~ ] Interpretat1on and App]]dat1on of Lab&ratory Data .4
‘ObJectwes '

) ’ N . .. o c . - . A
- ° ~ - : : i ‘- . ‘
. NS )

Instructional. Aids: . T , . R .
1. Handout - Interpretation of Laboratory Data. \ )
2. Transparéncy #8-Lime Analysis - . ) ' -
3. Transparency #9-Soda Ash Analysds . ) < e ‘
4 Transparency #10- 0pt1ma1 0perat1on ) Sooe ‘

v’
’

[ . . . . ~
£ "

Instructional Approach:”

Manual ‘of Water Ut1]1ty 0perat1ons, Tegas Water Utility Assoc1at1on
2...Water Supply & Treatment Nat1ona1 Lime Assoc1at1on
‘“\-

Discussion , ) " o
‘ O*" . * ‘ , - .
/ ‘ -
\ ! M
.. -~ ¥
) ’ - L ‘ \ |
S~ 9 .
References ‘ =

-
.

s

Class Assignments: -
‘ S ———

1. The* participant will read Handout-Tnterpretetion of*Laboratqry Data.
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4odule No: .| Topic:™ ;
,;I4GHS . Interpretation and Application of Laboratory Data_
Iqstructor Notes: . - 'Instrugtor Outline:
lC ] -~
1. Pregén; Transparency 48 1. Discuss the procedure for determlnlng the
; . quality of lime. Discuss. this test in
C . relation to norma] standard»for % Ca0. .
2. Present Transparency #9‘ 2. Discuss the procedure for determlnlng
: ; the qua11ty of Soda Ash.~ Discuss this . .
v test in relation to normal standard for
. % Na,Co0 “ ..
‘ . 2773 . ,
3. Present Transparency #10 3. Discuss how laboratory data can provide
- *  the optimal operation for a p]ant
. ’ B, © ,
. ‘ .
. X K . N e
v . ! . o
'\ . ‘:é“ Y N
N Su 1
, e, %
~
- ‘ - -
R ’ R . “
! i o )
+ . a : ’ 2 .
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+ [Mofyleiot HModule Title: v | i
. ) ' ,; * .
Y IS ‘ Advancea Chemical Precipitation Soften1ng L.
I‘.‘%« . '
g Submodu]e it : S T
."é”f%muws tit]e: ] 1 -
‘ .Approﬁfﬁ71me ik ] , C ]
@w ' .- |Topic: ; . J -
I .
2 hours " Sludge Disposal ‘

0bJect1ves Upoh completion- of this topic, the part1c1pant < } -

i will be able to:

1. Qgscr?ﬁe various sludge d1sposa] a]ternat1ves .

2. Describe advantages and disadvantages for sludge disposal alternatives:.
3. uescr1be basic -operation-of s]udge dispgsal alternatives.

-
.

3
Instructional Aids: . , S )
1. Handout -Sludge Disposal- .
2. Transparency #11 - Softening S1udge Character1st1cs
1 3. Transparency #12 - Solids D1sposa1 . . J
; ‘ka . . R ;Q N
/1 2

1 Instructional Approach: _

»

> Discussion : . f—\i,><ff/\‘\
1 E o R
v~ ’

:’ N ) +

Referegces ‘
1. Manuaqxof Water Utility Operations, Texas water Ut1]1ty Assoc1at1on.
2. "Water Supply & Treatment, National Lime. Association.
. 3. Mathematical Approach-to lonic Equilibtium, Butler.
. . 2 .

~
3 N <@ ~
- ’
Ty re . - ‘ * - - - .
- . \ . ~'\
— . . - . P N .
. ® ’ I T e .
5 - I ) 'Y
—s

Class AsSignnents:

1. The*participant will read Handout-Sludge disposal
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N : ffodule No: Tapic: - :
. ’ | >
114GKS - - | ‘Sludge Disposal . A
: Instructor Notes: Instructor Outline:- \\ ,
. , 3 ‘ ( \ .
. : ' ﬂ ' \' \
1., Present Transparency #11 1. Discuss the characteristids of chemical -
o precipitation softening slddge. .Discuss
. U - in detail those properties.that make it
) , easy and difficu]t to dewate . ¥
. ) . 2 ", )
L 2. Present Transparency #12 | 2. D1scuss each step in the solids disposat
‘ ' y . system. Discuss places where &gch step - ..
Ve
g . may be needed and where it mayinot,be
s . needed. Give genera] perfonnanee of
‘ each step and what is try1ng to be N
. : . accomplished in “each. § :
N ‘. © /
S . LI [
P // . ,
' \ - - < ) ’ ’ -
. ( N . . @ <
‘ R : . . g ;
., / . : i, - -
’ - . ’ .;}‘;"‘ .
“ 3 '.: &
_ . . , + é 1]
‘. ¢ " s’ *
s 3 ° b - ° ) b
. X ) ,"\" :‘ )
* ! . g J
<. — e
; ‘. € * . '
L R - . . '
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) —
. [Module No: Module Title:
Advanced C m1ca1 Prec1p1tat1on Softenfing
- Submodul 7 o . ' -
Tragws o, . [Subnodule Titfe™ L :

Approx. Time:. - ' . . ‘

. . Topic: - . T v -
% )
1 _hour Special Applications

Objectives: Upon completion of this top&é»-the part1c1pant will be able to:

- 1. Describe hot lime soften1ng a ' ~“i -

2. Describg.basic-operation of hot lime softening.

R

{
E %
- ®
- ,, 3 %‘j— * - £ ,l -. . - . o B R
Instﬁyctional Aids: | [ . o, . 0
[~ . ° b . o
\ w 4 .
1. Handout- Spec1a1 App]1eat1ons . g :
2. Transparency #13 Hot Lime Soften1ng rr
P C :
“ % ’ ’ .
}nsfructiogal Approach: — oL ) . o ’
Discussion , 1 . ; ’
. -
&
.| References: -

Texas Water Utility Association..
ime Association.

© *
.

1. Manual of water U¢111ty Operations,
2. MWater Supply & Treatment, National
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! &~ Yodule. No: - - |-Topic: = ) .
‘. ‘-‘ . " LS . e ~ /’
: ¥ 114GWS o Special Applications N
. s - 3 - : ; . .
‘ Instructor Notes: ; {Instructor Qutline; . - ~ ’
2\ ’ . . . .
. . b ‘ . . ‘
' . v . ) :\n . \ . /f »: ’ 195 : . R
) 1. Present Transpar’en‘cy #13 |1. Discuss the equipment used and the operatioh
. \ . . . T of a hot lime softening plant. Discuss in
.o ' , - . y " detail the difference between the hot lime.
s . . and conveirtional lime softener. Relate the
. ot , j- theory of softening to explain the diffe--
5 [ § .
: rences between the two types gf softgning.
1 "" 3‘ - N \ . . . . \r . .
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- THO STAGE SOHE-JH*IG s
1. FiRrst STAGE N -

_A) PH SHOULD BE ADJUSTED To" ABOVE 11,0 WITH LIME T0 .OBTAIN
© . MAGNESIUM REMOVAL. [HIS PH CAN BE+REDUCED. SOMEWHAT IF
» NOT TOTAL MAGNESIUM REMOVAL IS REQUIRED, . - .

2. _SeconD STAGE . o

, . OBTAIN OPTIMUM CALCIUM REMOYAL
" B) IF.SODA ASH IS USED IT SHOULD BE ADDE JUST PRIOR TO. .

A) PH OF THE SECOND STAGE SHOULD TE APPROX%MATELY 40 10 .

THE SECOND -STAGE TO HELP REDUCE THE PH. A T

C) RECARBONATION WITH CARBON DIOXIDE IS USUALLY REQUIRED
. 'TO LOWER THE PH TO THE OPTIMUM.LEVEL,

D) REgARBONATION OF THE FINISHED WATER ‘TO APPROXIMATELY
IS USUALLY_REQUIRED TO PREVENT SGALE BUILDUP ON,
_FILTERS. . IHIS'FINAL PH IS DEPENDENT ON THE.WATER,

CHEMICAL AND PHYS\ICAL GiARACTERISTICSI_r\ND THEREFORE  * -
0

. REQUIRES A CALCULATION OF THE FINAL PH FOR EACH PLANT
_«TO ENSURE PROPERLY STABILIZED 'WATER. ~ . -
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' , $ SPLIT TREATMENT SOFTENING .
\ < ey ' ' e C T .0 - o 3
S FIRST STAGE - 2 T : .
‘ A " PH SHOULD BE-ADJUSTED TO ABOVE 11, O wnH ng TO OBTAIN
MAGNESIUM REMOVAL, THIS PH CAN BE REDUCED S "FWHAT T0 . ’
: o OBTAIN #HE DESIRED TOTAL MGNESIUM REMOVAL ., : K
( 12, SecoND STAGE S :
' A) PH OF THE SECOND STAGE SHOULD BE APPROXIMATELY 10 TO .

OBTAIN OPTIMUM CALCIUM REMOVAL, _
-~ B) . IF SODA'ASH IS USED IT SHOULD BE ADDED JUST PRIOR fo "
R THE SECOND. STAGE TO HELP REDUCE THE PH,- -
- .©) GENERALLY THE CARBON DIOXIDE AND BICARBONATE' IN THE .SPLIT
~ ~ - FLOW IS ABEQUATE TO LOWER, THE PH IN THE SECOND STAGE TO |
OBTAIN OPTIMUM CAL%LM REMOVAL. -, 1.
¢ p) IF PH prRops BeLOW 10,0 AGD ADDITIGNAL LIME TO SEOND STAGE /
" . TO OBTAIN THE DESIRED CALCIUM REDUCTION, . . .o ‘
‘ . E) "RECARBONATION OF THE FINISHED WATER'TO APPROXIMATELY 9.5 . - .
- ¢ - 1S USUALLY REQUIRED TO PREVENT SCALE BUILDUP ON THE FILTERS,
I . THIS FINAL PH IS DEPENDENT* ON'%‘HE YATER CHEMICAL AND PHYSICAL
‘ - TERISTICS AND THEREFORE REQUIRES' A CALCULATION OF THE ~
. .FINAL FOR EACH PLANT T0 ENSURE PROPERLY STABILIZED- WATER. ‘ .
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SHILE STAGE SOFTENIG
(.

NGLE STAGE ,/ -

A) PH sHouLD BE ABOVE 10 0 OBTAIN ACCEPTABLE PERFORMANCE OF

THE SOFTENER.

IF_MAGNES

TUM REMOVAL< IS DESIRED, THE PH

SHouLD BE ABOVE 11.0,

. OPTIMUM OPERATION, THAT OPERATION

RESULTING IN THE LEAST

NESSJ WILL BE DIFFERENT FOR

P

» RESULTING IN SOME EXPERIMENTATION TO DETERMINE

CH

. 'B)

c)

Pl IS OPTIMAL.

T

ALL CHEMICAL FEEDS ARE AUJED JUST AT THE 'HEAD OF THE UNIT.

" RECARBONATION OF THE FINISHEﬂ
1S USUALLY REQUIRED TO PREVE

R TO APPROXIMATELY 9.5
CALE BUILDUP ON THE FIL‘PERS.

THIS FINAL PH

IS DEPENDENT ON-

CHARACTERISTICS AND THEREFORE REQUIRES A CALCULAT

FINAL -PH FOR EACH PLANT TO ENSURE PROPERLY STABIL
N A

E WATER, CHEMICAL AND PHYSICAL'
ON OF THE
ZED WATER,
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. T
.Analysis of Lime ’ -

.

The most widely used test for detemin?x‘i‘g available lime is the
Rapid Sugar test, which is_specified by two important national or-
ganizations, the American Water Works Ass'n. and the American
Society for Testing and Materials : g

AWWA Standard for Quicklime and Hydrated Lime (B 202-65)
ASTM Chemical Analysis of Lime (C 25-67) ”

Rapid Sugar Test, Dissolve 0.5 gram of-#100 mesh sample of
lime.in 170 ml. of a 10 per-cent sugdr solution, shake, and let stand
for 30 to 60 minutes. Then titrate with 0.1782N HGI sblution, using
phenolphthalein indicator. 1 ml. of this standard acid, solution is
equivalent to 19 available CaO.

»*

v The autkor and other Ohio communities use a ‘modification of the
Rapid Sugar test in which N/10 sulfuric acid is used in place of HCL. *
In this test the burette reading, after titration, multipliéd by 2.244
=per cent CaO. - * : .
Complete Chemical Anal;sz'sﬁ The methods of the American Sodety
-for Testing and Materials, (C 25) are recommended. )
Sl;zking Rate Test, The slakirig rate of quicklime is a'measure of its
’ reactivity, which is determined by a test method includéd in AWWA
B202:65 (adapted- from ASTM C110).. The quicklime is slaked in .
vacuum reaction vessel fitted with a mechanical stirrer and thermom-
Bweter, and the temperatyre rise is recorded at.80- and 60-second inter- * ‘
vals: The results are rcg\rt@ as temperature rise in 3 minutes, total
temperature rise, and «totd] active slaking time.

Specifications for Lime r
“Either quicklime or hydrated Jime of high ¢dalcium content can be

used for water treatment. Specifications for quicklime usually call for } ’
90 per cerit available CaO and for hydrated lime, 68 per cent available

CaO. Complete specifications for lime for water treatment can be

found in ASTM C 53 and AWWA B 202-65.
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Aﬁy.sis of Soda Ash

tilled water. Titrate 50 ml. with N

orarige as indicator. Burette readin
Na2CO:;.

Specification for Soda Ash

Dissolve 2 grams of sample in 200 ml. cold

e

o

or

» recently boiled dis-
/2 .sulfuric acid, using methyl

g multiplied by 5.8=per cent

A
<
»
. .

. .The soda asﬁ shall be that known as 58

contain not less than 98 per cent sodium carbonate. The material shall
be in a dry powdered form, shall contajn ng large lumps or, large
aystals, and shall be free from chips apd other foreign matter,

per cent soda ash, and shall

-
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QPTIMAL OPERAFI

CHEMICAL TbSArE . -
1, ’FOR GIVEN QUALITY OF WATER ,
. ‘MAGNESIUM REMOVAL ~
B) J.ONCARBONA?E HARDNESS

;LIEOTREATMENT -
R FINISHED WATER QUALITY )
For MINIMUM CHEMICAL COST

3 S NG% 'STAGE -
R FINITSHED WATER QUALITY
B) MINIMUM HARDNESS
¢ bNCARBONATE HARDNESS

PE : '
9 RﬁROPER SOLIDS CONCENTRATION
FINISHED WATER QUALITY .
B) FOR BEST GPERATION

TURBﬁgE OR FLOCCULATOR SPEED

OPER SOLIDS CONCENTRATION
* B)" VARYING WATER QUALITY
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‘. ¥ . SOFTRMING SLUDGE CHARACTERISTICS

e
-

. . 3 s | .
PRIMARILY CaC0z AnD Pe(0o . ’
o Dy soLips ARE 35-05% CaClz ' .
SETTLED SOLIDS RANGE 2 To 157
SOLIDS PRODUCTION AVERAGES 2.6 LB/LB OF LIME APPLIED
FATDz DEWATERS VARY'RAPDLY, HOWEVER, AS THE 7
OF Ms(OH)y INCREASES, DEWATERING BECOMES MORE
DIFFICULT, o

. . ) .
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', > SOLIDS DISPOSAL ,
STORAGE PRIOR TO PROCESSING _ ' W

-
>

SEDIMENTATION BASINS - " . $
SEPARATE HOLDING TANKS -
FLOCCULATOR-CLARIFIER BASINS

-

THICKENING PRIOR TO DEWATERING

K GRAVITY SETTLING .

CHEMICAL CONDITIONING PRIOR TO DEWATERING"
. POLYMER:APPLICATION - .. . .

' MECHANICAL .DEWATERING |,
" CENTRIFUGATION °
: ESSURE FILTRATION,
" VACUWM FILTRATION
"AIR DRYING
N LLOW LAGOONS
AND DRYING BEDS
. DISPOSAL OF DEWATERED sorIDs . .
ANITARY LANDFILL ‘. : A
BARGING TO 'SEA ' :
CHEMICAL RECOVERY
’ RECALCINATION'OF LIME PRECIPITATES
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A
CLASS PROBLEM 7l

g

1. At a pH of 7, what is

14

) water? What are the p

ghe dominant form of alkalinity in a natural

rsentages of the other forms-of alka)inity.

) ’-/ {

-

\‘ ¥ » /\— /
. \\ 2. At what pH w111 the magnes1um hardness be below 10 mg/1? . .
. ' "ﬂ)
. . N N
. . . . ) “
) ¢ o ] - ' . :
3. If the carbonate concentration ‘is 40 mg/l, what will the calcium -
' concentrat10n be? RS ~
. b : .o [}
. - !
. . '’ \ e 3
4. If the b1carbonate concentrat1on is 200 mg/] and the pH 1s 7 Q»
what’ w111 be the carbon dioxide concentration?” -
J _ .
. 5 B
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A

Handout for~Ii4AGNS - Advanced Chemical Precipitation Softenfng

f

&

Introduction . -~
A. Operation of Two Stage Softening Plant

B. Operation of* Split Treatment Softening Plant . !
C.. Operation of Single Stage Softening Plant -

D. Laboratory Control-for Chemical Softening’ P]ant
;Lheory of Chemical Precipitation Softeninge
. A. Equilibrium Equation E

&

-

AnBm==n Af +mB
. Equilibrium Expression .
(A" (8

'B. Solubility Product

)m/(Aanl = Keq

An'Bm@nK + mB

Equilibrium Expression

w (A" (8)"/(AnBn) () = Keg o

Solubﬁ]ityhProduct _ T ' - - -

n m _ S ) .
(" (B)" = K _ . -,
Calcium Carbonate
CaC0y(s) == Ca'" + 04"

fca™T [c0,7] = ksp ="8.7'x 107°

Magnesium Hydroxide -

Mg(OH) == Mg i 2(007)

i
2 - _
Mg} [oH] = ksp = E2x 07"

[ ca . -~ '




K II1.

g
C. Carbon-Dioxide System; ’ - -
Hy0 + €0, == H,C0, == H' . HCO,” ==~ W + C0,”
20 T W= iy 3 3
(W) [HCo] s N g
W Ky = 4.47 x 10 :
()0, 1
o2
3 >l<’_f N2 -
: i [HCO;7]
* TN pAAaN ‘ :
4 N ; \ s
3 i 4 (OH-] \\

—_A.

p~¢« r

. AN : :
Inténp;:f;;jon and ‘Application of Laboratory Date/ o -

L

Li nalysis ,+ ' | .- . -
The most widely _used test for determining available lige is the Rapid /
dugar test, which is ‘specified by two important national organizations,
The American Water Works Ass'n. and the American Society for Testing*
and Materials: ) : . g :

‘AWWA Standard for Quicklime and Hydrated Lime (B 272-656
ASTM Chemicat-Analysis of Lime (C 25-67) * ]

Rapid Sugar Test.» Dissolve 0.5 grams of —#100 mesh sample of lime.in

170 mT. of a 10 per cent sugar solution, shake, and let stand for 30 to

60 minutes. Then titrate with 0.1782N HC1 solution, using phenolphtha]g;n
indicator. .4 ml..of this standard acid solution is equivalent to 1%
available Ca0. . - ’

’

The_author and other Ohio communities use a modification of the Rapid
Sugar test in which N/10 quifuric acid is used in place of HC1. In this
test the burette reading, after titration, multiplied by 2.244 = per cent
Ca0. - o7 © .
¢ R s e , o * 7

~*
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g Complete Chemical Analysis. The methods of-the Americam Society’
» for Testing and Materials (C 25)-are recommended. ‘

’

Slaking-Rate Test. The s?ak1ng rate of quicklime is a measure of . 1
its reactivity which is determined by a test method included in’
. AWWA B202-65 (adapted from ASTM C110). The quicklime is slaked.qin
d vacuum reaction vessel fitted with' a mechanical stirrer and thiermo-
meter, ‘and the temperature rise is recorded at 30- and 60-second inter-
vals. The results are reported as temperature rise in 3. m1nutes,
’ . total temperature rise, and total- active slaking time. ~
, §pecificationsfor Lime~ I T .
R
"Either quicklime or hydrated 1limé of h1gh céﬂc1gp content can bey
used for water treatment. Specifications for quicklime usually
call for 90 per cent available Ca0 and for hydrated lime, "68 percent
“available Ca0 Comp]ete specifications for lime for water1treat-
¥ ’ ment can be Found in ASTM C 53 and AWWA B 202-65.

—_ B. Soda Ash Analysis = ' ’ ) p .h,,hd J%;'
Dissolve 2 grams of sample in 200 ml. cold, recently boiled dﬁsti]]ed '
water. Titrate 50 m1. with N/2 sulfuric ac1d, using methyl orange as’
indicator. Burette read1ng multiplied By 6.3 = per cent Na2C03. .

-
3

Sgecificat1ons for Soda Ash

. . .
Al . v

“ L

The soda ash shall be that known as 58.per cent. soda ash, and shall
contain not less than 98 per cent sodiym carbonate. The material
shall be in & dry powdered form, shall sntain no large Tumps or
large crystals, and shall be free from ch;Es and other -foreign matter.

€. Optimal Operation
1. Chemical Dosage
a. For Given Quality of Water

b. Split Treatment : ) ' i
- c. Single Stage 6 ' ) :
2. 0perat1on
+ Proper solids concentratfon ) ° °
b: Turbine or flocculator speed ~
. ~ IV. Sludge .Disposal ) ~
) A. Storage prior to processing o ' - T
" 1. Sedimentation basins R : A
. - Separate holding. tanks. * \
o Flocculator-clarifier basins _ ‘ ’ ~. .-
, i . Thickening prior to dewatering: : e

Grav1ty settling
Chemical conditioning prior to-dewatering )
Polymer application .
‘ Mechanical dewatering :
5o « < 4  Centrifugation . y .
}% . Pressure filtration : ) :
« Vacuum filtration o ,
Air drying ‘ 2 -~ -
Y T Shallow lagoons ' :
o . LSam‘i drying beds 39 ~ y
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" Examination for TI14AGHS - Advancéd‘Cﬁemica] Preetpitation Softening

1. For the {ollowing water, what will be the lime and soda dosages to
soften the water using the Caldwell-Lawrénce Diagram. Assume a final
- hardness of 50 mg/1 as CaC0;. .

C0p = 8.8 mg/] ATk = 115 mg/1 as CaC03 ,
Catt = 70mg/1 pH=7.4 . : C
Mg' = 9.7 mg/1 ‘ C o

2. For problem #1 what w111 be the f1na1 water quality?

?or problem #1 what pH should a s1ng]e stage softener operatesat.
<

3
4. For problem #1 what will be the final saturation pH.
5

For problem #1 what pH should the water go into the distribution system
at. . _ -
6. If 11he costs $34.00/ton, soda ash $5. 00/100 1b. and carbon dioxide
$3.25/1b., what will be the cost to treat 1 m1111on galions of water
~in problem #1.

TRUE OR FALS£.‘ CIRCLE THE CORRECT ANSWER \

T or-F 7. A pH of 10.5 is adequate to prec1p1tate magnes1um in
chemical soften1ng . p

T or F 8. For all water qualities, single stagé softening w111
hproduce the same quality of water as two stage softening.

T or F 3, So]ub111ty product is the base for chemical prec1p1tat1on
soften1ng

T vof F 10. Calcium carbonate prec1p1tates vihen the solubility product
for calcium carbonate is violated.

T or F 11. The advantage of the "Spiractor" is that it produces a sludge*
that dewaters rapidly. _

T or F 12. Softening sTudge that contains a 1ow percentage of magnes itm
- hydroxide is more difficult to dewater than one with a higher
percentage’of -magnesium hydroxide. -

T or F 13. "Hot lime softening resu]ts in a lower.hardness. than cold 11me
‘ softening. . . .




Y

14. 'Lhe most common method of dewatering lime sludge is centri-
uges. . '

T5. The most widely used test for determining available godium
carbonate is, the Rapid Sugar testi’ .

. .

16. Commercial Time is normally 98% available Ca0.-

*
~

Aruitoxt provided by Eic:
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